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Abstract
Introduction Pediatric spinal tuberculosis is characterized by rapid bone destruction and carries the risk of rapid onset neuro-
logical deficits and severe deformity of the spine. Behavior of spinal deformity over time is affected by growth of spine. Owing to
this dynamic behavior of pediatric spinal tuberculosis both in active phase and in healed phase, it presents with challenges which
are quite different from adults with caries spine. A clinician must have high index of suspicion for accurate and early diagnosis of
spinal tuberculosis in the pediatric population and should also have a thorough knowledge of differences in natural history
between adult and pediatric spinal tuberculosis.
Discussion This is based on the senior author’s experience of dealing with tuberculosis of the spine in children over the last two
decades. Recent advances in field of rapid diagnosis of tuberculosis based on nuclear material-related diagnostic tests have further
improved the management of tuberculosis. At the same time, the basic treatment principles remain the same. However, the
threshold for surgical vs conservative treatment have subtle differences when compared to adult population. The importance of
long-term follow-up after treatment must be appreciated.
Conclusion Tuberculosis in the spine in children needs early attention. Prompting to diagnostic and medical therapy measures
can avoid neurological sequellae and delayed deformity.

Keywords Pediatric spinal tuberculosis . Caries spine . Skeletal system

Introduction

The spine is the most common site of tuberculosis in the skeletal
system. The destruction of bone and the resultant deformity not
only present a problem of altered biomechanics as in rest of
skeleton, spinal tuberculosis is further complicated by the pres-
ence of neural structures in the vicinity. Pediatric spinal tubercu-
losis is further complicated by additional factors like more carti-
laginous nature of bones, relative rapid destruction, and the effect
of growth modulation on the ultimate fate of deformity.

Lack of adequate surveillance for tuberculosis and more
specifically for spinal tuberculosis makes an accurate

determination of the incidence of spinal tuberculosis an uphill
task. TheWHO data on tuberculosis prevalence released year-
ly is the best estimate of disease burden worldwide. However,
it depends heavily on the quality of surveillance of member
countries. As per the WHO 2017 report, estimated pediatrics
population (< 14 years) suffering from tuberculosis in India is
227 (range 99–355) thousand worldwide; this number rises to
1050 (Range 646–1450) thousand [1]. The proportion of the
pediatric population having extrapulmonary tuberculosis is
typically 20–25% which is higher than the overall incidence
of extrapulmonary tuberculosis (16%) [2, 3]. In children, the
incidence of spinal tuberculosis is variable. It is reported to be
58% of all spinal tuberculosis in Korea, 33% of patients re-
ported from Chennai (India), and 26% in spinal tuberculosis
cases from Hong Kong [4–6].

Anatomical and pathological considerations

The vertebrae develop from 3 primary ossification centers—
one for the vertebral body and two for the posterior spinal
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elements. These centers have a central site of bone formation
with the surrounding scaffold of cartilage [7]. There are sec-
ondary ossification centers for the spinous process, transverse
process, facets, and an apophyseal ring at superior and inferior
endplate of the vertebral body. Growth not only takes place at
the vertebral bodies, but there is growth via expansion of
intervertebral disc and annulus too [8]. The growth rate is
not uniform during childhood, as the Initial phase of acceler-
ated growth in an infant is followed by a relatively slower rate
of growth during 2–10 years of age, and following this is
another phase of accelerated growth during the pubertal surge
[9].The growing nature of spine and the presence of cartilag-
inous tissue accounts for some of the major differences in
behavior of pediatric and adult spinal tuberculosis.

The infection is caused byMycobacterium tuberculosis and
is always a secondary infection, while the primary may be in
the lung, genitourinary, or gastrointestinal system. The spread
of the bacteria is invariably hematogenous: following a
bacillaemia or through the Batson’s venous plexus. In 50%
of pediatric spinal tuberculosis, the primary site of infection
remains unknown [10]. Common primary sites are the lung,
lymph nodes, genitourinary, or gastrointestinal system.
Mycobacterium is deposited in the anterior aspect of vertebral
endplates via the end arterioles. Thus, the anterior type of
spinal involvement is the most common form of childhood
tuberculosis [11]. The spread of infection may occur to adja-
cent intervertebral disc, soft tissues, and subligamentous re-
gion. Late involvement of intervertebral disc is helpful in dif-
ferentiating pyogenic and tubercular affection of spine [12].
Soft tissue spread is typically seen in the form of a psoas
abscess which may further present as discharging sinuses at
atypical locations. Extension of abscess into the epidural re-
gion may lead to neurological deficits [11]. Dura, however, is
very resistant to spread of infection and this explains the rarity
of meningeal symptoms in patients with spinal tuberculosis.
The posterior element involvement is very rare. In
longstanding disease, multilevel involvement and vertebral
collapse resulting in a gibbus deformity are common. This
deformity usually presents in active disease. A tubercular le-
sion which heals in kyphosis may progress over time owing to
the growth of spine leading to late-onset paraplegias in healed
tuberculosis cases.

Classically four types of spinal bony tuberculosis have
been described: the paradiscal lesion, the central type, the
anterior type, and the appendiceal type. The paradiscal lesion
starts at the vertebral metaphysis and destroys the cartilage
and then the disc. The central type is marked by initial infec-
tion in the midsection of the vertebral body, and then the
infection spreads centrifugally leading to hyperemia and oste-
oporosis. The anterior lesion has involvement of the body
beneath the anterior longitudinal ligament. The appendiceal
type is characterized by involvement of the pedicle, lamina,
the articular process, or the spinous process.

Presentation

Delay in the diagnosis of pediatric spinal tuberculosis is very
common owing to insidious onset and non-specific nature of the
initial complaint. All spine tuberculosis cases invariably present
with axial pain of varying degree. Pain is associated withmuscle
spasms, night cries, and sometimes deformity. Sometimes, there
may be instability-related symptoms and radicular pain. Cold
abscess and discharging sinus may be the presenting symptoms
in a subset of cases. Delayed presentation is often associated
with a significant neurological deficit.

In children with tuberculosis of the spine, the clinical pre-
sentation can be thought of as clinical features of (1) the sys-
temic disease, (2) the bony lesion, (3) the neurological mani-
festations, and (4) delayed deformity.

Systemic disease

Malaise, anorexia, night sweats, and weight loss are the car-
dinal systemic features with which children present. These,
however, may be completely absent in 60% of children with
spinal tuberculosis.

The bony lesion

Localized pain in the spine with limitation of movement occurs
due to the bony involvement. There may be severe spasm of the
paraspinalmuscles, and this is most pronounced in childrenwith
atlantoaxial or upper cervical caries who can present with torti-
collis. Paraspinal abscess, which develops in the early stage of
the disease, maybe a retropharyngeal abscess in the neck or in
the paraspinal area of the dorsal or lumbar spine, even tracking
down to the gluteal region (Fig. 1) or anterior thigh. The pain is
often worse at night and is known as Bnight cries.^ The reduc-
tion of the protective muscle spasm in the night increases the
mechanical pain caused by local instability.

Paravertebral cold abscesses occur in over 50% of spinal
tuberculosis in children. The presence of abscesses is a sign of
active disease. The abscess typically spreads to an area of low

Fig. 1 Cold abscess in the gluteal region
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resistance. Hence, in caries of the dorsal spine, the cold ab-
scess may track along the psoas fascia and end up in the groin.
Cutaneous fistula as presentation occurs when the cold ab-
scess discharges through the skin (Fig. 2).

Neurological manifestations

The neurological deficit in TB spine is of two types: (1) paraple-
gia of early onset with active disease usually occurringwithin the
first 2 years and (2) paraplegia of late-onset which occurs years
after the healing of the disease or could be because of continued
collapse in healed disease focus. Causes of early-onset paraple-
gia have been postulated to bemechanical compression (abscess,
caseous tissues, and granulation tissue) and/or pathological
subluxation/dislocation of involved vertebrae [13]. The spinal
cord may undergo inflammatory edema and myelomalacia.

Infective thrombosis/endarteritis of the spinal vessels
though rare can also be a cause of paraplegia in active disease.
Late-onset paraplegia is thought to occur secondary to pres-
sure symptoms from internal gibbus formed after progression
of deformity. Additionally, the formation of a constrictive scar
after healing of granulation tissue may have a role too [13].

Spinal tuberculosis is associated with slow-growing lesions
causing gradual compression of the neural structures. The
adaptability of neural structures thus helps maintain neural
function after even 2/3rd to 3/4th canal compromise [14,
15]. However, in presence of associated instability and vascu-
lar occlusion, neurological deterioration can be seen at lesser
canal compromise [16]. Correlation between degree of kypho-
sis and the severity of paraplegia has not been established in
studies though general opinion is a deformity of more than 60
degrees is associated with neurological deficits.

The neurological deficits in tuberculosis spine have been
classified by Tuli and modified by Jain into 5 stages [17].

Stage I: patient unaware of the neural deficit, clinician de-
tects plantar extensor, and/or ankle clonus.

Stage II: the patient has spasticity with a motor deficit but is
a walker. The anticipated motor score in
tetraparesis is between 60 and 100. In paraparesis,
it is between 80 and100. The sensory impairment is
the lateral column.

Stage III: bedridden spastic patient. Anticipated motor score
for quadriplegic is 0–30 and for paraplegic it is
50–80. Sensory scoring is the same as in stage II.

Stage IV: bedridden patient with a severe sensory loss and/or
pressure sores. The anticipated motor score in
tetraplegia is 0 and in paraplegia, it is 50. There
is impairment of both lateral and posterior column
sensations.

Stage V: same as stage IVand/or bladder and bowel involve-
ment, and/or flexor spasms/flaccid tetraplegia/
paraplegia.

Development of kyphosis

Development of kyphosis in a patient of spinal tuberculosis
occurs in active disease due to the destruction of vertebral
bodies and resultant collapse of the anterior column [18].
Usually, 3 or more vertebral bodies loose anterior height and
lead to an angular kyphosis, nearby vertebral bodies may
show inflammatory changes [19]. A truly symmetric destruc-
tion would lead to the development of a kyphotic spine
(Fig. 3). Asymmetry in this destruction process is responsible
for deformity in the coronal plane leading to kyphoscoliotic
deformities. The cartilaginous nature of vertebral bodies in
children predisposes children to relatively rapid destruction
of vertebral bodies. This explains the fact that deformities in
children tend to be more severe and also develop in much
shorter time as compared to adults.

Another factor that affects the progression of deformity in
childhood tuberculosis is the potential for growth in vertebrae
after the disease has healed. It must be noted here that effect of
growth on spinal deformity is not constant. Growth though pre-
viously believed to be a cause of worsening of deformity in
majority of post tubercular patient has been found to produce
a multitude of effects. Rajshekharan et al. in their study of long-
term follow-up of pediatric spinal tuberculosis came up with the
findings that 44% kyphosis do not progress, 39% deformity
progresses, and 17% remain stationary [20]. Factors such as
differential destruction of growth plates by disease process or
by surgical debridement, differential loading of spine, and al-
tered vascularity have been implicated in deciding the fate of

Fig. 2 Tuberculous fistula in the
neck following subaxial cervical
spine caries
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kyphotic deformity over time. Rajshekheran et al. also described
Bspine at risk^ signs which can be used to predict the possibility
of progression in a particular child with spinal tuberculosis [20].
Progressive kyphosis is associated with increased stretching of
cord over the deformity (Fig. 4). Also, as the deformity in-
creases, there is an increase in the size of internal gibbus causing
more neural deficits. Additionally, progressive kyphosis and
severe spinal deformity in very young children interfere with
growth of thoracic cavity and that of the lungs leading to de-
creased pulmonary functions [19].

Investigating a child with tuberculosis
of the spine

CRP is used also to monitor response to treatment. LFT mon-
itoring is recommended to detect adverse reactions to tuber-
cular treatment.

Tests for latent tubercular infection (LTBI) Main value is in
regions with low prevalence of tuberculosis. Frequently, these
tests for latent tuberculosis are considered diagnostic of tuber-
culous infection in pediatric population. Patients with LTBI have
a 4–6% lifetime risk of developing TB disease, [21, 22].
However, in children, it is 24% and it increases to 43% in infants
[23, 24]. Isoniazid reduces the subsequent development of TB
disease in patients at high risk [25]. Tuberculin skin test
(Mantoux test) detects delayed hypersensitivity to

Mycobacterial TB antigens. BCG vaccination results in positive
result too. Interferon-Gamma Release Assays (IGRA) have the
advantage that there is no cross-reactivity with BCG minimal
cross-reactivity with nontuberculous mycobacteria [26].

Tissue diagnosis is the most conclusive way of establishing
a diagnosis of spinal tuberculosis in any form. The tissue is
obtained either in an open procedure or far more commonly
by percutaneous techniques. The conventional culture
methods involving use of solid/liquid growth media have a
prolonged incubation period and usually give results in 4- to
6-week duration. Additionally, the yield rate of these culture
techniques is not high, hence these cannot be relied upon for
decision regarding treatment. Nucleic acid amplification test
detects mycobacterial genes after gene amplification via poly-
merase chain reaction, thus giving results in a much shorter
duration. A positive result is beneficial when there is clinical
suspicion of tuberculosis and a negative result is of little use in
excluding the presence of Mtb [26]. Additionally, rapid drug
sensitivity testing (DST) can be done for rifampicin and
isoniazide resistance. Despite all the new technologies for di-
agnosis of tuberculosis, diagnosis of spinal tuberculosis must
be made on the ground of clinical manifestations and radiolo-
gy when bacteriology proves negative.

Genotyping of Mycobacterium tuberculosis has epidemio-
logical use in tracing contacts, elucidating sites and patterns of
transmission within communities [27, 28]. Clinical use is in
determining whether new episodes of TB are due to reinfection
or reactivation [29]. These tests are not done routinely [26].

Fig. 4 Stretching of the cord over a kyphotic deformity in late stage of
caries spineFig. 3 Kyphotic deformity in cervicodorsal caries spine
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Plain radiographs are usually the initial investigation for
suspected cases of spinal TB. For a radiolucent lesion to be
apparent on a plain radiograph, there must be at least 30% of
bone mineral loss. Dynamic Xrays are very important for the
documentation of instability (Fig. 5). Computed tomographic
(CT) helps in better delineation of bony detail of irregular lytic
lesions, sclerosis, disc collapse, and disruption of bone circum-
ference than plain radiograph [30, 31]. CT-guided needle aspira-
tion or biopsy is the technique for early histopathological diag-
nosis. Radiation exposure is a matter of concern in pediatric
population. Magnetic resonance imaging (MRI) is the best diag-
nosticmodality for tuberculosis of the spine and ismore sensitive
than other modalities. Jain et al. demonstrated correlation
between clinical course and MRI observations in patients with
tuberculous myelopathy [16]. MRI frequently demonstrates disc
collapse/destruction, cold abscess, vertebral wedging/collapse,
marrow edema, and spinal deformities. The spinal cord may
show edema, myelomalacia, syringomyelia, cord atrophy, thick-
ening of meninges, and/or arachnoiditis with clumping of roots.

Compression could be due to extradural fluid collection, caseous
material, or granulation tissue (Fig. 6). Patients with preserved
cord size with edema/myelitis or fluid collection in extradural
space as a cause of compression fare well and can be treated with
medications alone. Patients with extradural granulomatous com-
pression on a near normal size cord improve with early surgical
decompression. Patients with significant cord compression with
evidence of myelomalacia have the least chances of recovery
with any sort of treatment [16].

The introduction of newer imaging modalities and nucleic
acid-based rapid diagnostic tests has made an early diagnosis
of spinal tuberculosis easier, thus decreasing the sequelae of
neurological deficit and kyphotic deformity.

Treatment considerations

Tuberculosis of spine is mainly a medical disease requiring sur-
gical intervention in specialized situations only. The

Fig. 5 C1-C2 instability in a case
of caries of atlantoaxial joint

Fig. 6 Extradural compression in
caries of upper cervical spine
demonstrating prevertebral cold
abscess
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introduction of effective anti-tuberculous therapy (ATT) has
allowed better bacterial control of the disease and healing in
TB spine.

Drug regimens used in treatment of tuberculosis in adults
and children inherently are the same. However, drug dosage
needs to be adjusted according to the weight of the child. Four
weight groups are used to decide drug dosage: < 10, 10–17,
18–25, and > 25 kg. Isoniazide and rifampicin 75 mg each,
pyrazinamide 250 mg along with ethambutol 200 mg/day are
prescribed for a child weighing < 10 kg. Thereafter, these
doses are doubled, tripled, and quadrupled for subsequent
weight bands respectively [9].

The major concern remains underdosing of individual
drugs. As during the course of therapy child tends to gain
weight, weight must be measured at regular interval and dos-
age of drug given as per appropriate weight band. The dura-
tion, of course, varies between 6, 9, 12, and 18 months.
Studies have shown that 6 to 9 months course of AKT with
surgical excision has results comparable to that of 18 months
of drug therapy with or without surgery [32–34].

With the emergence of multidrug-resistant tuberculosis es-
pecially more in pediatric population, one must actively strive
for tissue diagnosis as well as drug sensitivity testing in all
patients so that early shift to second line and third line drugs
can be made whenever needed. Bracing is an important com-
ponent of treatment of pediatric spinal tuberculosis as it helps
in enforc ing movement res t r ic t ion in otherwise
noncomprehending patients.

Surgical treatment is typically reserved for rapid onset
dense neurological deficit and neurological deficit which is
progressive or which is not improving with conservative treat-
ment, for significant deformity at presentation, and in case of
panvertebral involvement (disease of both anterior and poste-
rior column). Significant mechanical instability/potential for
future deformity is the other consideration for surgery.
Presence of large paraspinal abscesses causing mass effect,
persistent pain not improving with chemotherapy, and need
for definitive diagnosis are also indications for surgical inter-
vention [35].

Spinal tuberculosis with neurodeficit

Diagnosis of spinal tuberculosis before neurodeficit occurs
and subsequent prevention of neurodeficits is the best way
forward. Tuli et al. observed neurological parameters in spinal
tuberculosis patient on antitubercular treatment and rest ther-
apy while waiting for surgery and found that 30 to 40% of
patients showed improvement in neurology during these 4 to
6 weeks [36]. However, this might not be the best treatment
for all patients with neurodeficits. In addition to the general
surgical indication, early surgical decompression should be
considered when MRI shows granulomatous or caseous
extradural compression with edema/myelitis of the cord.

Presence of myelomalacia is linked to a poorer prognosis
but surgery should still be offered. Surgical treatment aims at
disease control along with maintenance of stability, normal
spinal growth, sagittal alignment of the spine, and ensuring
protection of neurological function including providing an
environment conducive for neurological recovery.

Owing to the extensive bone loss associated with radical
debridement, recent studies have favored a limited debride-
ment and cord decompression [37]. Debridement should be
limited to excision of pus, caseous tissue, and sequestra.
Inflamed/ischemic and infracted bone tends to recover on
starting medical therapy as blood supply to the area improves.
However limited decompression should not be done at the
cost of inadequate relief of pressure on the cervical cord [16].

Access to cervicodorsal junction area may prove problem-
atic. A transmanubrial approach has been described by the
authors [38] to deal with tubercular pathology in this region;
a U-shaped manubriotomy is used, thus preserving the
sternoclavicular articulation (Fig. 7). This helps in avoiding
problems associated with a median sternotomy or with
disrupting the sternoclavicular articulation.

Active disease with kyphosis

Surgical treatment is typically reserved for rapid onset dense
neurological deficit and neurological deficit which is progres-
sive or which is not improving with conservative treatment, for
significant deformity at presentation, and in case of panvertebral
involvement (disease of both anterior and posterior column).

Fig. 7 Transmanubrial approach to cervicodorsal caries
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Significant mechanical instability/potential for future deformity
is the other consideration for surgery. Presence of large
paraspinal abscesses causing mass effect, persistent pain not
improving with chemotherapy, and need for definitive diagnosis
are also indications for surgical intervention [35].

All kyphotic tubercular spines with moderate to severe ky-
phosis (> 50°) may be treated with kyphosis correction sur-
gery because of the inherent potential for neurological deficits
in acute and healed stages. The kyphotic spine is associated
with shortening of anterior column of spine. During correction
of deformity, any acute lengthening stretches the neural struc-
tures and hence must be avoided. At the same time, excessive
shortening would lead to buckling of cord and neurodeficit.
Thus, a balance between the twomust be obtained; mild short-
ening of cord is an acceptable option. The compression is
caused by retropulsion of material into the spinal canal, and

hence any attempt at deformity correction should be accom-
panied by neural decompression from the anterior
compressing elements as failing to do so would lead to in-
creased risk of neural deficits. The surgery typically consists
of anterior corpectomy in addition to posterior decompression
(Fig. 8). The procedure as a whole makes the spine highly
unstable and both anterior column reconstruction and posteri-
or instrumentation are warranted. Anterior instrumentation are
not reliable because of variable hold of screws. Spinal cord
should be visualized throughout the procedure [39].

We recommend rout ine use of intra-operat ive
neuromonitoring for correction of delayed deformity due to
cervical spinal tuberculosis. The use of somatosensory evoked
potential (SSEP) in addition to monitoring of Trans Cranial
MEP (TcMEP) is invaluable in deformity surgery. It acts as a
guide to help dictate the extent of the correction.

Fig. 8 Anterior corpectomy and
posterior fixation in a cervical
caries

Fig. 9 Pedicle substraction osteotomy in a tuberculous kyphotic deformity
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The various methods of kyphosis correction secondary to
spinal tuberculosis are:

a. Transpedicular approach—this can be achieved by using a
transpedicular decancel la t ion osteotomy or a
costotransversectomy and pedicular excision at the apex
of kyphosis [40, 41] (Fig. 9).

b. Anterior decompression followed by posterior instrumen-
tation or vice versa. Anterior decompression is done using
transthoracic/retroperitoneal approach, the anterior col-
umn may be reconstructed by a bone graft or a mesh cage,
and this is augmented by a posterior instrumentation
which can be performed in the same sitting or at a later
stage [42].

c. Extrapleural anterolateral approach—it provides exposure
to both anterior and posterior elements at the same time.
Using this approach, the patient is operated in lateral po-
sition; hence, stability is maintained during the procedure
and there is no need for temporary stabilization. Exposure
of chest cavity and retroperitoneal structure is not needed.

Kyphosis correction in healed lesion

Correction of kyphosis in healed lesion is a technically
demanding surgery and has been associated with higher
risk of neural injury; hence, it is not recommended for
cosmetic reasons. The aim of surgery in patients with
neurodeficit should be decompression and acceptable sag-
ittal and coronal balance rather than attaining normal spinal
parameters. When associated with paraplegia of late-onset,
anterior decompression and fusion are recommended. Here
internal gibbus needs to be removed by approaches similar
to those used in active disease. However, when done for
healed disease, these procedures are technically more chal-
lenging and recovery is less predictable [43].

Follow-up period

Regular monitoring of blood counts, ESR CRP, and liver
function is warranted in all patients. The response of these
parameters is the major guiding principle for treatment in early
course. Radiological investigations in form of MRI should be
repeated earliest at 6 months as repeating imaging before car-
ies the risk of misinterpretation of drug lysis as non-
responsiveness of disease.

The total duration of antitubercular treatment is highly var-
iable. Our practice is to have a repeat MRI at 12-month dura-
tion and stop AKT when the disease shows near complete
healing. Persistence of small abscesses is not considered an
indication for the continuation of therapy.
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